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(Title of the invention) 

SOLID-STATE POLYMER ELECTOLYTE MEMBRANE, METHOD FOR 
MANUFACTURE THEREOF AND SOLID-STATE POLYMER 
ELECTROLYTE FUEL CELL THEREWITH 

(Technical field) 

The present invention relates to a solid-state polymer electrolyte 
membrane to be used in a fuel cell, a method for manufacturing the 
solid-state polymer electrolyte membrane and a solid-state polymer 
electrolyte fuel cell, and more specifically, it relates to a proton 
conductive solid-state polymer electrolyte membrane adopting a 
dendritic structure, a method for manufacturing the proton 
conductive solid-state polymer electrolyte membrane and a solid-state 
polymer electrolyte fuel cell. 

(Background art) 

Polymer electrolyte fuel cells that achieve low carbon dioxide 
emission and high electrical conversion efficiency are attracting a great 
deal of interest as clean energy systems of the next generation. The 
range of applications for such a fuel cell, which can be provided at low 
cost by using a high-performance proton conductive polymer 
electrolyte membrane constituted of an inexpensive material, is 
diverse, including a power source for an electric car and a distribution 
type power source. 

A solid-state polymer electrolyte fuel cell includes a fuel 
electrode constituted with one of the surfaces of a solid-state polymer 
electrolyte membrane with proton conductivity and an air electrode 
constituted with the other film surface. As a fuel gas containing 
hydrogen is supplied to the fuel electrode and an oxidizing gas 
containing oxygen such as air is supplied to the air electrode, a fuel 
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electrode reaction whereby hydrogen molecules are separated into 
hydrogen ions (protons) and electrons occurs at the fuel electrode and 
an air electrode reaction whereby water is formed with oxygen, 
hydrogen ions and electrons occurs at the air electrode (see the 
following electrochemical reaction formulas) and as a result, an 
electromotive force is generated. 

Fuel electrode: H2 -> 2H + + 2e~ 

Air electrode: 2H + + (1/2) O2 + 2e~ -> H2O 

The solid-state polymer electrolyte membranes achieving proton 
conductivity in the related art include a perfluorocarbon sulfonic acid 
membrane (e.g., Nafion (product name) membrane manufactured by 
DuPont USA), a membrane constituted of a mixed material containing 
fluorocarbon sulfonic acid and polyvinylidene fluoride, a membrane 
obtained by grafting trifluoroethylene into a fluorocarbon matrix and a 
cation conductive membrane constituted with a cation exchange 
membrane of polystylene series having a sulfonic-group. When these 
solid-state polymer electrolyte membranes are wet, they work as 
proton conductive electrolytes. However, the properties of the 
solid-state polymer electrolyte membranes become altered at high 
temperature and the levels of their proton conductivity become lower. 
For this reason, water vapor is added to the gases supplied to the 
electrolytes and the operating temperature is controlled so as not to 
deviate from a low temperature range of 50 to 100°C. 

As described above, the characteristics that a viable solid-state 
polymer electrolyte membrane is required to provide include; (1) 
superior proton conductivity, (2) easy management of the moisture 
contained in the electrolyte membrane and (3) a superior heat resisting 
property. 

The characteristics requirements are addressed in patent 
reference literature 1, which discloses an electrolyte membrane 
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manufactured by graft-polymerizing polyvinyl pyridine onto a base 
polymer that can be graft-polymerized and doping phosphoric acid 
onto the grafted base material. Patent reference literature 1 states that 
the resulting electrolyte membrane demonstrates superior proton 
conductivity at high temperatures equal to or greater than 100°C. 

In addition, patent reference literature 2 discloses an electrolyte 
membrane achieving good proton conductivity under high temperature 
(150°C) and low humidity conditions, by impregnating an acidic 
polymer (e.g., perfluorosulphonic acid) with a basic polymer (e.g., 
propylene glycol). 

(Patent reference literature 1) Japanese Laid Open Patent Publication 
No. 2001-213987 

(Patent reference literature 2) Japanese Laid Open Patent Publication 
No. 2001-236973 

(Nonpatent reference literature 1) Takahito Itoh et al., "Ionic 
Conductivity of the Hyperbranched Polymer- Lithium Metal Salt 
Systems" J. of Power Sources, 81-82 (1999), p824 to 829 

(Disclosure of the invention) 

(Problems to be solved by the invention) 

However, there are problems in that the electrolyte membranes 
according to the inventions disclosed in patent reference literatures 1 
and 2 are manufactured use of expensive raw materials and 
complicated processes, resulting in high production costs and low 
levels of productivity. 

Accordingly, in view of the above problems in the related art, the 
present invention has an object to provide an inexpensive solid-state 
polymer electrolyte membrane to be used in a solid-state polymer 
electrolyte fuel cell, which can be manufactured with improved 
productivity by using an inexpensive raw material through a simpler 
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chemical synthesis process, achieves good heat resistance and 
demonstrates superior proton conductivity at low humidity, a method 
for manufacturing this solid-state polymer electrolyte membrane and a 
solid-state polymer electrolyte fuel cell that includes the solid-state 
polymer electrolyte membrane. 
(Means for solving the problems) 

In order to achieve the object described above, the inventors of 
the present invention have diligently researched a technology whereby 
a basic polymer skeleton constituted with a hyperbranched polymer 
(see nonpatent reference literature 1) adopting a dendritic structure, 
which was developed by the inventors of the present invention as an 
electrolyte material to be used in a lithium battery, is reformed into a 
material to constitute an electrolyte membrane for fuel cells. 

The hyperbranched polymer adopting the dendritic structure 
described above (may also be referred to as a dendritic polymer) is a 
polymer with branch molecules three-dimensionally and dendritically 
extending from a central molecule which constitutes the core of the 
dendritic structure. Compared to standard branched polymers and 
linear polymers, such a dendritically branched polymer has a greater 
three-dimensional bulk, achieves a higher level of solubility and is 
provided as an amorphous polymer which assures superior 
processability and allows numerous functional groups to be included 
at the molecular terminals. 

The research results allowed the inventors of the present 
invention to conclude that a solid-state polymer electrolyte membrane 
for a fuel cell, achieving superior proton conductivity, can be obtained 
by substituting the functional groups at the side-chain terminals, 
constituted with acetyl groups, with acidic functional groups such as 
phenyl sulfonic acid. 
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More specifically, a solid-state polymer electrolyte membrane, a 
primary constituent of which is a hyperbranched polymer having an 
acidic functional group disposed at a terminal of a side chain thereof is 
provided in the first aspect of the present invention. 

The hyperbranched polymer having an acidic functional group 
disposed at the terminal of the side chain thereof may be poly 
(bis(oligo-ethylene glycol) benzoate) composed as indicated in general 
formula 1 below. 



. . . (general formula 1 ) 

The acidic functional group (R in general formula 1 above) may 
be at least one kind of acidic functional group selected from; sulfonic 
acid, phosphoric acid, phosphonic acid, carboxylic acid, alky 1- sulfonic 
acid, perfluoro alkyl-sulfonic acid and fluoroboric acid. However, it 
may be an acidic functional group other than those. 

The poly (bis(oligo-ethylene glycol) benzoate) may be a polymer 
adopting a dendritic structure, which is obtained by polymerizing an 
A2B-type monomer synthesized from an oligo-ethylene oxide chain 
expressed as (CHteCHbOJm (m = 1 to 6) and dioxybenzoate. 

Alternatively, a primary constituent of the solid-state polymer 
electrolyte membrane may be a mixture of a hyperbranched polymer 
having an acidic functional group disposed at a terminal of the side 
chain thereof and a bridged polymer having a network structure. By 
combining a hyperbranched polymer having an acidic functional group 
disposed at the terminal of the side chain thereof and a bridged 
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polymer having a network structure as described above, the 
mechanical strength of the solid-state polymer electrolyte membrane 
according to the present invention can be further improved. The 
bridged polymer having a network structure is a bridged polymer 
having at least one polymerizable functional group such as an allyl 
group, an acryl group, and isocyanate group or an epoxy group 
disposed at the terminal of a molecule and formed so as to achieve a 
two-dimensional or three-dimensional network structure through a 
bridging reaction. However, since the molecule chains simply need to 
be bridged through a chemical bond or physical bond, the bridged 
polymer is not limited to these examples. In addition, since the poly 
(bis(oligo-ethylene glycol) benzoate) according to the present invention 
includes an aromatic nucleus in its basic skeleton, it is expected to 
achieve a high level of heat resistance. 

In a second aspect of the present invention, a method for 
manufacturing a solid-state polymer electrolyte membrane, 
comprising a first step in which poly (bis(oligo-ethylene glycol) 
benzoate) is synthesized by polymerizing an A2B-type monomer 
synthesized from an oligo-ethylene oxide chain expressed as 
(CH2CH20) m (m = 1 to 6) and dioxybenzoate; and a second step in 
which an acidic functional group is introduced at a terminal of a side 
chain of the poly (bis(oligo-ethylene glycol) benzoate). 

During the second step, the acidic functional group can be 
introduced at the terminal of the side chain by first esterifying the side 
chain terminal with alkaline metallic salt of o-, m- or p-sulfobenzoic 
acid or disulfobenzoic acid and coverting to a sulfonic group. 

Alternatively, the acidic functional group may be introduced at 
the side chain terminal during the second step by first esterifying the 
side chain terminal with a benzoic acid compound having as a 
functional group thereof phosphoric acid or phosphonic acid ester and 



6 



* • 

NSSY05001 



converting to an acidic functional group through hydrolysis of the 
functional group, i.e., phosphoric acid or phosphonic acid ester. 

As explained above, the solid-state polymer electrolyte 
membrane according to the present invention, which can be 
manufactured through a simple chemical synthesis by using 
inexpensive raw materials such as oligo-ethylene oxide chain or 
dioxybenzoate, can be produced with improved productivity. In 
addition, the solid-state polymer electrolyte membrane according to 
the present invention manufactured as described above achieves a 
desirable heat resisting property and also demonstrates superior 
proton conductivity even at low humidity. 

In a third aspect of the present invention, a solid-state polymer 
electrolyte fuel cell that includes the solid-state polymer electrolyte 
membrane described above is provided. The solid-state polymer 
electrolyte fuel cell according to the present invention adopting such a 
structure achieves the following advantage. Namely, while it is 
normally necessary to use a humidifier when operating a fuel cell at 
high temperature, the solid-state polymer electrolyte fuel cell 
according to the present invention, which includes the solid-state 
polymer electrolyte membrane described above, can be operated at 
high temperatures without requiring the use of a humidifier. 

(Effect of the invention) 

The present invention provides an inexpensive solid-state 
polymer electrolyte membrane to be used in a solid-state polymer 
electrolyte fuel cell, which can be manufactured with improved 
productivity by using an inexpensive raw material through a simpler 
chemical synthesis process, achieves good heat resistance and 
demonstrates superior proton conductivity at low humidity, a method 
for manufacturing this solid-state polymer electrolyte membrane and a 
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solid-state polymer electrolyte fuel cell that includes the solid-state 
polymer electrolyte membrane. 

(Brief description of the drawings) 

FIG. 1 is a graph of the ionic conductivity levels of 
hyperbranched polymers, each having an acidic functional group 
disposed at a terminal of a side chain thereof, achieved in examples 1 
through 3; 

FIG. 2 is a graph of the glass transition point of the 
hyperbranched polymer having an acidic functional group disposed at 
the terminal of the side chain thereof, achieved in example 1 ; 

FIG. 3 is a graph of the thermogravimetric change observed in 
the hyperbranched polymer having an acidic functional group 
disposed at the terminal of the side chain thereof, achieved in example 
1; and 

FIG. 4 is a graph of the relationship between the cell voltage and 
the current density observed in the fuel cell achieved in example 4. 

(Best mode for carrying out the invention) 

While the best mode for carrying out the present invention is 
explained below in reference to examples, the scope of the present 
invention is not limited in any way whatsoever by the embodiments 
and the present invention may be embodied in diverse variations 
without altering the essential components thereof. 
(Example 1) 

(Synthesizing monomer for hyperbranched polymer) 

Methyl 3,5-dihydroxy benzoate (1) (8.41 g, 50.0 mmol), 
triethylene glycol monochlorohydrin (2) (18.5g, 110 mmol), K2CO3 
(49. 8g 361 mmol), 18-Crown-6 (0.30 g, 1.15 mmol) and 200 mL of 
acetonitrile were measured into a 300 mL eggplant-shaped flask 
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equipped with a magnetic stirrer and a Dimroth, and the mixture 
underwent a reflux process for 50 hours in a nitrogen atmosphere 
within the flask. A white solid substance having become deposited was 
removed through suction filtration and an oil-like product was 
obtained by removing the solvent from the filtrate with an evaporator. 
The oil thus obtained was passed through a silica gel column filled 
with dichloromethane, a first band and a second band containing any 
non-reactants were removed by using ethyl acetate, a third band was 
collected by using the methanol as an eluent and then the solvent was 
removed under pressure. As a result, 15.30 g (71%) of methyl 3, 5-bis 
[(8'-hydroxy -3', 6'-dioxaoctyl) oxy)] benzoate (3) oil was obtained 
assuming a pale yellow transparent state (see reaction formula 1 
below). 



... (reaction formula 1) 
(Synthesizing hyperbranched polymer) 

Methyl 3, 5-bis [(8 ( - hydroxy- 3', &- dioxaoctyl) oxy)] benzoate (3) 
(4.01 g, 9.28 mmol) was measured into a 30 mL eggplant- shaped flask 
equipped with a magnetic stirrer, tributyltin chloride (tetravalent) 
(0.05 g, 0.15 mmol) as a catalyst was added into the flask, and the 
flask, filled with a nitrogen atmosphere, was heated to 210°C. In this 
state, it underwent a polymerization reaction for two hours. The 
resulting rubber-like solid substance was dissolved in a small quantity 
of tetrahydrofuran (THF) and was made to precipitate in hexane. The 
precipitate was then collected through centrifugation. The collected 
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precipitate was dissolved again in a small quantity of THF and was 
made to precipitate in methanol. A polymer with a low molecular 
weight collected as a supernatant fluid through centrifugation was 
removed, and the remaining substance was dried in a vacuum to 
obtain 1.77 g (45%) of high molecular weight poly [(bis(triethylene 
glycol) benzoate)] (4) (molecular weight: Mn = 14,000) assuming the 
state of a rubber-like solid substance (see reaction formula 2 below). 



... (reaction formula 2) 

(Terminal esterification for hyperbranched polymer having sulfonic 
group at terminal thereof) 

Poly [(bis(triethylene glycol) benzoate)] (4) (1.11 g, 2.78 mmol), 
4-sulfobenzoic acid monopotassium salt (5) (3.33 g, 13.8 mmol), 
dimethylaminopyridine (DAMP, 6) (1.70 g, 13.8 mmol), N, 
N'-dicyclohexylcarbodiimide (DCC, 7) (5.73 g, 27.8 mmol) and 40 mL of 
N, N'-dimethylformamide (DMF) were measured into a 100 mL 
double-opening, eggplant-shaped flask equipped with a magnetic 
stirrer and the mixture was kept in a nitrogen atmosphere inside the 
flask and agitated for 24 hours. The insoluble matters were then 
removed through suction filtration and the filtrate was made to 
precipitate in ethyl acetate. After removing the supernatant through 
centrifugation, ethanol was added to the precipitate and the 
precipitate was washed through agitation. Next, the raw material as 
the supernatant fluid was removed through centrifugation and the 
precipitate was dried in a vacuum. As a result, 1.57 g (89%) of a 
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potassium salt terminal-type hyperbranched polymer (8), assuming 
the state of white solid powder substance, was obtained (see reaction 
formula 3 below). While the potassium salt terminal-type 
hyperbranched polymer (8) is extremely hygroscopic and can be 
dissolved in H 2 0, DMF and DMSO, it cannot be dissolved in THF, 
isopropyl ether (IPE) or CHC1 3 . 




(5) 



... (reaction formula 3) 
(Conversion to acidic functional group) 

1.57 g, (2.47 mmol) of the potassium salt terminal-type 
hyperbranched polymer (8) was measured into a 100 mL 
eggplant- shaped flask equipped with a magnetic stirrer and 30 mL of 
H2O was added and dissolved. Then, 60 mL of 1 N HC1 was dropped 
into the solution, thereby obtaining a precipitate. The precipitate was 
collected through centrifugation and was dried in a vacuum. It was 
dissolved again in ethanol, impurities were removed through filtration, 
the solvent in the filtrate was removed via an evaporator and 1.36 g 
(96%) of a sulfonic acid terminal type-hyperbranched polymer (9), 
assuming the state of a pale yellow rubber-like substance, was 
obtained (see reaction formula 4 below). It is to be noted that the 
sulfonic acid terminal type-hyperbranched polymer (9) is soluble in 
H2O, MeOH and EtOH and is also slightly soluble in CHCI3. 
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... (reaction formula 4) 
(Example 2) 

A dendritic hyperbranched polymer was synthesized in a 
manner similar to that explained in reference to example 1 , before 
introducing an acidic functional group at the terminal of the side chain. 
Example 2 differs from example 1 in the synthesis method adopted 
when introducing a phosphonic acid during the terminal esterification. 
(Esterification of hyperbranched polymer terminal having phosphonic 
acid) 

Poly [(bis(triethylene glycol) benzoate)] (4) (2.9 g, 7.24 mmol), 
4-diethoxyphophorylmethyl benzoic acid (10) (4.0 g, 14.6 mmol), 
dimethylaminopyridine (DAMP) (1.8 g, 14.5 mmol), N, 
N'-dicyclohexylcarbodiimide (DCC) (3.0 g, 14.5 mmol) and 100 mL of 
methylene chloride were measured into a 100 mL double-opening, 
eggplant-shaped flask equipped with a magnetic stirrer and the 
mixture was kept in a nitrogen atmosphere inside the flask and 
agitated for 15 hours. The insoluble matters were removed through 
suction filtration and then the solvent was removed from the filtrate 
under vacuum. After pulifying the resulting viscous solid substance 
through reprecipitation it was dried in a vacuum and 3.6 g (76%) of a 
phosphonic acid ester terminal type-hyperbranched polymer (11), 
assuming the state of a pale yellow viscous solid substance, was 
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obtained (see reaction formula 5 below). The pale yellow viscous solid 
substance thus obtained then underwent a process of hydrolysis in 
methanol and, as a result, 3.3 g of a hyperbranched polymer (12) 
having a phosphonic group at the terminal of the molecule thereof was 
obtained. 



o 




... (reaction formula 5) 
(Example 3) 

0.8 g of the sulfonic acid terminal- type hyperbranched polymer 
(9) obtained in example 1 was measured into a 50 mL eggplant-shaped 
flask and dissolved in 1.6 g of N-methyl pyrolidone added therein. 
Then, 0.2 g of polyethylene glycol diacrylate (Mw = 700) was added into 
the solution and the solution was agitated for 30 minutes. The solution 
was then cast onto a glass plate, and after the solvent was removed at 
80°C, heat was applied over a period of 12 hours in a vacuum at 120°C. 
As a result, a solid-state polymer electrolyte membrane constituted 
with a hyperbranched polymer having an acidic functional group 
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disposed at the terminal thereof and a bridged polymer assuming a 
network structure was obtained. 
(Test examples) 

(Ionic conductivity measurement) 

Since a film of solid-state polymer electrolyte membranes 
constituted with the hyperbranched polymers obtained in examples 1 
and 2 through the methods described above become softened at high 
temperature and their shapes change as a result, they were each held 
with a tetrafluoroethylene O-ring (with an inner diameter of 8 mm and 
a thickness of 100 pm) so as to sustain a specific film thickness. Then, 
the film attached to the O-ring was held between thin platinum plates 
(with a diameter of 13 mm and a thickness of 500 ]im) and stainless 
steel electrodes were sandwiched on the outside of the platinum plates 
so as to hold the assembly together. It was then placed in a 
measurement cell constituted of tetrafluoroethylene. A preliminary 
test was conducted to confirm that the film of the solid-state polymer 
electrolyte membrane achieving proton conductivity, obtained in 
example 3, did not become softened at high temperature and thus its 
shape did not change at high temperature, assuring a sufficient level of 
mechanical strength. Then, a similar measurement cell was prepared 
with the solid-state high polymer electrolyte membrane obtained in 
example 3, without using a tetrafluoroethylene O-ring. The samples 
were left in a 60°C atmosphere for half a day and the temperature was 
then raised to 150°C. The samples were left at 150°C for half a day. 
Subsequently, a complex AC impedance measurement apparatus was 
utilized to measure resistance values with blocking electrodes over a 
10 mmV amplitude through an AC 2-terminal method (1 MHz to 1 Hz) 
while the temperature was lowered in 10°C steps. Based upon the 
resistance values thus measured, ionic conductivities at various 
temperatures were determined. 
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The results of the ionic conductivity measurement described 
above are presented in FIG. 1. As FIG. 1 indicates, the hyperbranched 
polymer with the acidic functional group obtained in example 1 
demonstrated a high level of conductivity of 1CH S/cm at 150°C with 
no humidification. A Nafion film available for industrial use 
constitutes an insulator if it is not humidified. In addition, it was 
learned that the hyperbranched polymers with acidic functional 
groups achieved in examples 2 and 3, too, demonstrated desirable 
ionic conductivity levels. 

FIG. 2 presents the results of glass transition temperature 
measurement conducted on the hyperbranched polymer (9) with the 
acidic functional group synthesized as explained in reference to 
example 1 by using a differential scanning calorimeter (DSC) and FIG. 
3 presents the results of thermogravimetric (TG/DTA) measurement 
conducted on the hyperbranched polymer achieved in example 1 . The 
results indicate that the glass transition temperature was -0.5°C, that 
the polymer achieved a significant heat resisting property with hardly 
any weight loss observed at temperatures equal to or lower than 200°C 
and a weight loss of 1.3% observed at 206. 6°C. 
(Example 4) 

(Manufacturing and evaluating solid-state polymer electrolyte fuel cell) 

A positive electrode and a negative electrode were formed as 
described below when manufacturing a solid-state polymer electrolyte 
fuel cell by using the proton conductive solid-state polymer electrolyte 
membrane obtained in example 3. First, 1.0 g of carbon supporting 20 
mass % of platinum to act as a catalyst was measured and the carbon 
thus measured was dispersed in 2.5 g of N-methyl pyrolidone. Then 
0.2 g of the solid-state polymer electrolyte obtained in example 1 was 
dissolved in the solution and after the solution was agitated for 
approximately 30 minutes, it was coated onto carbon paper by using a 
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doctor blade. The solid-state polymer electrolyte membrane in example 
1 coating on the carbon paper was allowed to dry over a period of one 
hour at 80° at normal pressure. It then underwent a process of 
vacuum drying over a period of one hour at 80°. As a result, 1.2 
mg/cm 2 of a catalyst layer was formed. A 3 cm-square positive 
electrode and a negative electrode obtained by slicing the catalyst layer 
were set so as to sandwich a 5 cm- square electrolyte membrane 
constituted with the proton conductive solid-state polymer electrolyte 
obtained in example 3 at the center of the film, thereby forming a 
membrane electrode assembly. In addition, in order to prevent a gas 
leak from occurring at the electrolyte portion of the membrane 
electrode assembly thus formed, a gasket constituted of a fuoro-rubber 
was disposed, the membrane electrode assembly was held between two 
carbon separators having formed therein grooves to function as gas 
passages, and end plates were set on the carbon separators. Then, the 
assembly was tightened at 5 kgf/cm with a torque wrench and thus, a 
solid-state polymer electrolyte fuel cell was manufactured. A power 
generation test was then conducted on the solid-state polymer 
electrolyte fuel cell by using hydrogen as the anode gas and air as the 
cathode gas. The cell temperature was set at 130°C, hydrogen and 
oxygen were supplied respectively at 100 mL/min and 300 mL/min 
without humidifying either gas. The performance of the solid-state 
polymer electrolyte fuel cell was evaluated by measuring the change in 
the voltage through current scanning executed with the 
electrochemical interface 1255 manufactured by Solartron. FIG. 4 
shows the relationship between the voltage (CCV) and the current 
density observed in the fuel cell manufactured in the example. 

As FIG. 4 indicates, it was possible to generate power with the 
fuel cell in example 4 until the current density reached approximately 
0.4 mA/cm 2 . It was possible to generate power with the fuel cell in 



16 



NSSY05001 



example 4 at the high temperature of 130°C without humidifying the 
gases. This indicates that while it is normally necessary to use a 
humidifier when operating a fuel cell at high temperature, the present 
invention provides a fuel cell that can be engaged in operation at high 
temperature without requiring the use of a humidifier. 

While the invention has been particularly shown and described 
with respect to preferred embodiments thereof by referring to the 
attached drawings, the present invention is not limited to these 
examples and it will be understood by those skilled in the art that 
various changes in form and detail may be made therein without 
departing from the spirit, scope and teaching of the invention. 
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